Chromium (Cr) doped Zinc oxide ZnO thin films were deposited onto glass substrates by Metal Organic Chemical Vapour Deposition (MOCVD) technique with varying dopant concentration at a temperature of 420˚C. The effect of the chromium concentration on morphological, structural, optical, electrical and gas sensing properties of the films were investigated. The scanning electron microscopy results revealed that the Cr concentration has great influence on the crystallinity, surface smoothness and grain size. X-ray diffraction (XRD) studies shows that films were polycrystalline in nature and grown as a hexagonal wurtzite structure. A direct optical band energy gap of 3.32 to 3.10 eV was obtained from the optical measurements. The transmission was found to decrease with increasing Cr doping concentration. Rutherford Backscattering Spectroscopy (RBS) analysis also demonstrates that Cr ions are substitutionally incorporated into ZnO. I-V characteristic of the film shows a resistivity ranges from 1.134 × 10 −2 Ω cm to 1.24 × 10 −2 Ω cm at room temperature. The gas sensing response of the films were enhanced with incorporation of Cr as a dopant with optimum operating temperature around 200˚C.
Introduction
ZnO has been found invaluable in the development of new technologies based on the physical characteristics that, under good deposition conditions, are attractive for a wide variety of scientific applications in different electronics devices, such as gas sensors [1] , ultraviolet light emitting devices, transparent conducting films and solar cell [2] [3] gamma radiation sensing layers [4] , and pressure sensors [5] . In thin film form, high transparency is observed in the uv-visible region; however, its metallic properties lead to a reflectance in the infrared spectrum couple with high conductivity [6] . The characteristic wide band gap and large exciton binding energy (60 meV) makes ZnO importantly attractive, in addition to their low cost and non-toxicity.
The energy level, surface state and transport performance of carriers in semiconductor can be altered in other to enhance their properties for potential application in optoelectronic devices by doping with appropriate element [7] [8] [9] . The use of transition element has been one of effective ways of enhancing the bandgap of ZnO [10] . The doping efficiency depends on the relative difference in ionic radius and electronegativity between the host and dopant element.
Cr is a member of the transition element with close ionic radius (Cr 3+ : 0.62 Å, [18] . In most of these deposition techniques, controlling the experimental parameter to achieve co-doped films has a major challenge.
In this work Cr doped ZnO thin films were deposited on soda lime glass by Metal Organic Chemical Vapour Deposition (MOCVD) using a single solid precursor. Though less sophisticated when compared with other techniques, it has large-area to volume and conformal deposition capability and close to ambient deposition temperature. The effect of Cr concentrations on the gas sensing properties of doped ZnO using ammonium as gas is also reported. The prepared precursors were characterized using Fourier Transform Infrared (FTIR) spectroscopy while the thin films' properties were characterized using Field Emission Scanning Electron Microscopy (FE-SEM), X-ray diffractometer, Ultravio- 
Preparation of Precursor
The single solid source precursor was prepared from the mixture of Zinc acetate dihydrate and chromium acetylacetonate. Zinc acetate (0.05 M) was dissolved and stirred vigorously with a magnetic stirrer in a mix of water, acetone, and methanol at 25˚C. A 0.05 M prepared solution of chromium acetylacetonate in acetone was used as doping source, introduced based on stoichiometry, such that the ratio of atomic concentration of Cr with respect to Zn were 1, 2, 3 and 5 at%.
[11]. The resulting solution was oven dried to constant weight at 60˚C and pulverized before pyrolysis.
Film Deposition
The thin films were deposited at 420˚C on a soda lime glass substrate with nitrogen gas as a carrier gas with a flow of 2.5 dm 3 /min ( Figure 1 ). The soda-lime substrates were mounted on stainless steel blocks within the heating chamber to ensure effective thermal contact. The time of deposition was two hours.
Characterization of the Precursor and Films

Fourier Transform Infrared (FTIR) Spectroscopy
The FT-IR spectrum of the precursors (doped and un-doped) were recorded on a Perkin Elmer Spectrum 100 FTIR spectrometer.
Electron Microscopy
The morphological micrographs of the Cr:ZnO thin films were obtained using a Zeiss Plus 55 FE-SEM.
Powder X-Ray Diffraction
The crystal structure was investigated by PANalytical X'Pert Pro Multi-purpose Diffractometer (MPD). The diffractometer is a Philips PW3040/60 X-ray generator, fitted with an X'Celerator detector. Diffraction data were acquired by exposing the thin film to Cu-K α X-ray radiation (λ = 1.5418 Å). X-rays were generated from a Cu anode supplied with 40 kV and a current of 40 mA.
Optical Properties
Transmittance spectra of the thin films were measured with Shimadzu UV-Vis 1800 double beam spectrophotometer in the wavelength range 400 -800 nm.
RBS Spectrum
The elemental composition, stoichiometry, thickness and depth profile of the film were acquired using Rutherford Backscattering Spectroscopy. The samples were analyzed using National Electrostatic Corporation's (NEC) 1. 
Electrical Properties
The electrical properties of the films were investigated using a Jandel four point probes technique (model TY242MP) and a Keithly 2636 A dual channel source/measurement equipment. The studies were carried out at room temperature within the voltage sweep of 0 -0.5 V.
Gas Sensing
The gas sensing characteristics of the thin film were carried out using a homemade laboratory system. The system operates on the principle that, there must be change in resistivity of the film with respect to change in gas concentration (ammonium) and as well as operating temperature. The temperature of Cr doped ZnO thin films varies in value from room temperature (27˚C), to 350˚C
while ammonium concentration was maintained at 700 ppm.
Result and Discussion
Precursor
The FTIR spectrum of the precursor, undoped and doped is shown in Figure   2 
Surface Morphology
The . This may also affect the sensing properties. 
Structural Properties
Optical Properties
The optical band gap energy (Eg) was determined from transmission measurements by analyzing the optical data with the expression for the optical absorption coefficient.
The effect of increasing Cr dopant concentration on the optical transmittance of the ZnO thin films are shown in Figure 5 The absorption coefficient (α) is calculated from the relationship;
where d is the thickness of the film and T is the transmittance. For a direct band gap material, the absorption coefficient is related to the energy of the photon by the expression as follows;
where K is a constant of proportionality, hv is the energy of the photon and E g is the band energy. The absorption coefficient α was determined using Equation (1) while band gap of the films were obtained from the extrapolation of the linear portion of the graph of (αhν) 2 versus E g to α = 0. The optical band gap of the undoped ZnO was found to be 3.32 eV while that of doped ZnO ranges from 3.32 eV to 3.10 eV (Figure 5(b) ) [24] [26].
Composition and Depth Profile
The SIMNTRA software was used to fit the RBS data with elemental profiles. 
Electrical Properties
The I-V characteristic curves are shown in figures in Figure 8 Cr doped leads to increase in the resistivity. The initial increase may be due to improved crystallinity and decrease in the grain size with increase in Cr concentration which in turn may affect the degree of carrier mobility. The electrical conductivity also increase with increase in measured temperature following the above trend.
Sensing Characteristics
The gas sensing response of undoped and doped ZnO film is shown in Figure   9 (a) and Figure 9 (b). It is a plot of change in electrical resistance of ZnO:Cr thin film as a function of operating temperature for different concentration of
Cr for a fixed concentration of ammonium in the gas chamber. Figure 9 (a) and 
Conclusions
Chromium (Cr) doped Zinc Oxide (ZnO) thin films were grown on glass substrates using MOCVD technique. The effect of the chromium concentration on morphological, structural, optical, electrical and gas sensing properties of the films was investigated.
The morphological, optical and electrical studies revealed that the properties of the films depend on the Cr doping concentration and measuring temperature.
RBS analysis also demonstrates that Cr ions are substitutionally incorporated into ZnO. The gas sensing response of the films was enhanced with incorporation of Cr as a dopant with optimum operating temperature around 200˚C.
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